ABSTRACT
INTRODUCTION
he use of indices to evaluate stock performance dates to at least the 1800's. Many indices exist to track market segments. The domestic currency represents the underlying basis for the indices. The indices do not reflect the purchasing power of the underlying currency. This practice does not present a problem if the underlying currency value is stable. However, if the underlying currency value is unstable, the index does not accurately reflect wealth changes. An investor who observes a one percent stock index increase believes they have experienced a wealth increase. However, the stock index increase, accompanied by a two percent decrease in the underlying currency value, implies the investor has experienced a net wealth decline. An investor who examines only stock index changes makes an incorrect inference. State, 2004) . Thus, the number of U.S. citizens living abroad more than doubled over a nine-year period. Despite living abroad, many individuals continue to invest in the U.S. They must convert their U.S. investments to the currency in their domicile country for consumption needs. These individuals have an interest in the purchasing power of U.S. investments in their domicile country.
Other individuals also have an interest in the performance of their investments on an international market. Individuals within the U.S. purchase foreign produced products. Prices of these foreign products vary with the U.S. dollar value. Individuals have an interest in the ability of their U.S. investments to purchase these items. Still other individuals travel abroad. The U.S. Department of State estimates that 65 million U.S. citizens travel abroad annually (Bureau of Consular Affairs, U.S. Department of State, 2013). These individuals will spend some of their wealth in foreign countries and are interested in the extent that their investments can support their purchase plans.
Stock indices use varying combinations of index components and computation methods to arrive at their values. In each case, these indexes report values based on the domestic currency. Currency adjusted stock indices provide a measure of combined wealth effects. These indices reflect changes in both stock and currency values. Jalbert (2012) developed the first known currency value adjusted indices. His indices use eight existing U.S. stock indexes combined with two measures of U.S. dollar value. He uses the Major and Broad measures of currency value available from the U.S. Federal Reserve. This approach has the advantage of providing the longest data time series for analysis. However, the approach suffers from three limitations. The Federal Reserve A recent literature examines the effects of stock index additions and deletions. The findings show that prices of stocks added to an index increase. Similarly, prices of stocks deleted from an index decline (Shleifer, 1986 , Beneish & Gardner, 1995 . Chen, Noronha and Singal (2006) examine arbitrage activity around index changes. Their findings show that index change arbitrage exists. They find that S&P 500 and Russell 2000 index fund investors collectively lose as much as $2.1 billion annually due to index change arbitrage. Jankovskis (2002) argues that flaws exist in the Russell 2000 rebalancing procedure. His results show a 1.2 percent annual downward bias in index returns due to rebalancing. Liu (2011) argues that higher investor awareness and reduced price volatility explain price increases associated with stocks added to indices.
As noted earlier, Jalbert (2012) provides the only known article to introduce currency value adjusted stock indices. He computes currency adjusted indices based on eight existing U.S. stock indices. The results show marked differences in unadjusted and adjusted index levels as well as daily and annual returns. He finds that unadjusted and adjusted index annual returns for the Dow Jones Industrial Average differ by as much as 18.211 percent. Daily return signs are different on 12.99 percent of all trading days, indicating the unadjusted index indicates a positive (negative) return, but the adjusted index indicates a negative (positive) return. The results further show that adjusted and unadjusted indices have different distribution properties. Finally, he finds currency value changes explain as much as 8.44 percent of total wealth changes.
DATA AND METHODOLOGY
We obtained time series data from EODData, which publishes historical daily data on economic time series. Daily data were available from January 1, 1993 through April 12, 2013. We collected data for the Dollar Index (DYX) and eight market indices. The market indices include the Dow Jones Industrial Average (DJI), Dow Jones Transportation Index (DJT), Dow Jones Utilities Index (DJU), Standard and Poor's 500 (SP500), Russell 3000 (RUA), Russell 1000 (RUI), NASDAQ 100 (NDX) and NYSE Composite (NYA). We eliminated Saturday trading data from the Dollar Index data to synchronize data with the other series. We also eliminated reported data on nontrading days from the stock index series. The final dataset includes 5,107 daily observations for each series.
This research calculates the Dollar Index adjusted series, DAS t , by modifying each existing stock index, OI t , with Dollar Index information, DI t , as shown in Equation 1:
To demonstrate the use of Equation 1, consider an unadjusted index with level of 5,000. The Dollar Index equals 103. Then the adjusted index level equals 5,150. When the Dollar index equals 100, the raw and adjusted stock indices will equal. When the Dollar index exceeds 100, the adjusted index level exceeds the raw index. Dollar Index levels below 100 imply an adjusted index less than the raw index. 
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The Clute Institute (Jarque and Bera, 1980) . The results indicate that each series, both original and adjusted, deviates significantly from a normal distribution. The standard deviation is lower for the adjusted indices. This finding is not surprising as the means differ. To gain additional insights, we compute the coefficient of variation, CV, which shows the amount of standard deviation for each unit of mean, using the following formula:
The CV results indicate considerable differences between the relative variance of the original and adjusted indices. For example, the original NASDAQ 100 CV equals 0.5208 while the adjusted series CV equals 0.5742, a difference of 0.0534 equaling about 10.25 percent of the NASDAQ 100 CV. For some index pairs, the original index has higher CV, and for other index pairs the adjusted index has higher CV.
Panel C shows results of tests for equality. These tests involve comparing each unadjusted index to its Dollar Index adjusted counterpart. We use the Welch F-test (1951) test to identify differences in means and the Mann-Whitney (1947) test to identify differences between medians. We use the Brown and Forsythe (1974) test to identify differences in variance. The results show significant mean, median and standard deviation differences for each index pair. We further explore this issue in return form later in the paper.
The charts in Figure 2 show the pairwise progression of each original index, along with its dollar value adjusted counterpart. The results show considerable differences between the two indices. 
RESULTS
This section presents the empirical results. We begin with an analysis of daily returns. Consider an index with level, Index Level t on day t and Index Level t-1 on day t-1. Equation 3 shows the computation methodology for the continuously compounded daily return on day t, CCR t , as follows: We complete daily return calculations for each original index and each adjusted index. Next, we examine the returns to identify original and adjusted indices agreement on the direction of change for a given day. The results are presented in Table 2 . Table 2 The analysis continues by computing annualized returns using calculations analogous to Equation 3. Table  3 shows results for the Dollar Index and each pairwise stock index combination. The average annual difference between the original and adjusted index returns is 6.848 percent. The largest return difference occurs in 2003 at 15.851 percent. The smallest difference occurs in 2012 at 0.575 percent. Given average historical annual U.S. Stock returns of about 10 percent, the differences identified here are certainly meaningful for investors. Table 4 shows further analysis of the annual returns. In a manner similar to the daily return analysis, we compute the number of years with original and adjusted index, return sign agreement and disagreement. The Dow Jones Industrial Average shows the lowest agreement. The DJI return signs agree for 16 of 21 years and disagree for five of 21 years, representing a 76.19 percent agreement rate. In contrast, original and adjusted returns on the Dow Jones Utilities Index show perfect agreement. Jalbert (2012) found agreement levels of 82.05 for the DJI, indicating the adjusted DJI index developed here differs more from its original form than the adjusted indexes developed in Jalbert (2012). Table 5 provides a correlation analysis. If stock and currency indices display perfect positive correlation, Dollar Index adjusted indices would make little sense. We compute correlation between each original and adjusted series combination. Column 2 shows correlation for daily index levels. The results show correlation between 0.8813 for the Dow Jones Utilities and 0.9562 for the NASDAQ 100. Columns 3 and 4 show correlations between index returns. Column 3 shows daily return correlations between 0.9035 for the NYSE composite and 0.9631 for the NADDAQ 100. Column 4 shows annual return correlations between 0.8850 for the Dow Jones industrial average and 0.9713 for the NASDAQ 100. Jalbert (2012) found substantially higher correlation levels for the index levels with correlation between 0.9497 and 0.9807. Jalbert (2012) results also show more variation in the daily return correlation across the indices. While the correlations presented here are relatively high, Dollar Index adjustments offer the potential for improved insights. Next, we compute daily return distribution statistics. Table 6 shows the results. Panel A shows results for the original indices. Panel B shows results for the adjusted indices. For each series, we compute the mean, standard deviation skewness and kurtosis. In addition, we compute the Cramer-von Mises test as modified by Anderson (1962) for distribution normality. The results show modest and large distribution differences. For example, the standard deviation for the original Dow Jones Industrial Average is 7.6 percent larger (13.206 versus 7.644) than for the adjusted series. The normality test rejects the normal distribution for each original and adjusted distribution. Table 7 , show no significant differences between the mean and median returns of the original and adjusted series. However, the series have significantly different variance. The results from Table 6 show the adjusted series have higher variance than the original series. Jalbert (2012) also found distributions of original and adjusted series differ. Combined, these findings suggest that empirical tests based on original series might underestimate the wealth risk an investor faces. Thus, tests of the Capital Asset Pricing Model (Sharpe, 1964) and other pricing models using original indices will produce misleading results. The final analysis examines the amount of wealth change variance explained by original index changes and Dollar Index changes. We define wealth change to be the daily change in the adjusted index, which reflects both changes in the original index and changes in the dollar value. We estimate three equations to determine explanatory power. The first equation identifies the amount of wealth changes explained by changes in the original index.
(4)
The term is the ordinary least squares regression (OLS) coefficient and is a random error term. The careful reader will notice the model does not include an intercept term. This omission is intentional to focus directly on the independent variable explanatory power. Table 8 , Panel A shows the results. Each regression coefficient is statistically significant. The highest R2 occurs for the NASDAQ 100 index at 0.9360 indicating that original index changes explain 93.60 percent of daily wealth variation. The lowest R2 value is 0.7873 for the NYSE composite. . *** indicates significance at the 1 percent level.
The second equation determines the extent that daily changes in the Dollar Index explain daily changes in the adjusted index. Table 8 , clearly show that examining original indices without considering dollar value changes ignores a considerable component of wealth changes. The indices developed here provide a more accurate picture of wealth change and thus represent a considerable advance over previously available products.
CONCLUDING COMMENTS
This paper develops a series of new stock indices. The indices consider changes in stock values and changes in the underlying currency value. This measure captures total wealth changes and thus represents an advance over traditional indices. The indices here extend the work of Jalbert (2012) by extending the analysis to include nearly two years of recent data and using a different measure of the dollar value. The Dollar Index used here has at least three advantages over the Federal Reserve indices used by Jalbert, 2012. The Dollar Index has intraday quotations, options availability, futures contract availability and is widely reported in the press. 
